''')-biflavone (1) and a polyketide derivative, methylcylohex-1-ene (3) [previously reported only as a synthetic compound] were isolated from aerial parts of Vangueria infausta. In addition, eight other known flavonoids viz. (-)-epicatechin, epiafzelechin, dihydrokaempferol, quercetin, luteolin (2), dihydroquercetin-3'-Oglucoside, daidzein and genistein were also isolated from this plant. Structures were identified using 1D-and 2D NMR experiments as well as ESI-MS, IR and UV spectra. The new biflavonoid 1 showed higher radical scavenging activity against 2,2-diphenyl-1-picrylhydrazyl (DPPH) reagent compared to ascorbic acid (standard) using a spectrophotometric method. Compound 1 was less sensitive to Gram-positive and Gram-negative bacterial strains and yeast (Candida mycoderma) compared to luteolin and quercetin on the Bioautographic Agar Overlay Assay. General procedures. UV-VIS spectra: Shimadzu UV-2101PC UV-VIS Scanning Spectrophotometer. NMR experiments: 1D [ 1 H (300 and/or 600 MHz), 13 C (75.4 and/or 150.9 MHz), DEPT] and 2D [COSY, HMBC, HMQC] were acquired on Bruker Avance DPX 300 and/or DRX 600 spectrometers, signals were referenced to deutereted solvents. Melting points: Stuart Scientific (SMP1) melting point instrument. The infrared (IR) spectra were recorded on Perkin Elmer 2000 FT-IR spectrophotometer and mass spectra were acquired from Finnigan LCQ DECA instrument. Specific rotations [α] D were determined using the Autopol IV (Rudolph Research Analytical) Automatic Polarimeter. Materials and extraction. Parts of Vangueria infausta were collected in March 2002 from Mapoka village, North East District in Botswana. A voucher specimen number RRT.2/2002 was deposited at the Herbarium, Department of Biological Sciences, University of Botswana.
Introduction
Vangueria infausta Burch (family Rubiaceae) is a tree 2-7 meters tall which grows well on semiarid soils and in rain forests, but has a worldwide distribution. This plant is found mostly in southern Africa but is also native to East Africa and Madagascar 1, 2 . The fruits of V. infausta are eaten by both people and wild animals while different parts of this plant have been used traditionally for treatment of malaria, wounds, menstrual and uterine problems, and genital swellings among others 3, 4 . Recent pharmacological reports have shown that extracts from leaves and roots of this plant exhibited significant antiplasmodial activity 5, 6 . Other pharmacological activities associated with this plant are well documented 7 . Apart from some preliminary
Results and Discussion
The plant material (leaves and stem bark extracts) were subjected to chromatographic and gel filtration techniques to give a total of ten compounds with compound 1 being reported for the first time in nature. We also report the natural occurrence of 3 as a plant secondary metabolite but had previously been reported only as a synthetic compound 8 . The isolated compounds were identified using spectroscopic methods.
Compound 1 was isolated from the EtOAc fraction of the leaves and was observed as a yellow spot on a TLC following a vanilin-sulphuric acid spray. The UV λ max (MeOH) spectrum showed signals at 255 and 348 nm and the IR [(KBr) υ max cm -1 ] spectrum showed absorptions at 3414 (HO-C stretch), 3028 (H-C=C sp 2 stretch) and 1621 (C=O stretch). The positive mode ESI-MS spectrum of 1 exhibited a pseudomolecular ion peak at m/z 555.0 [M + H] + corresponding to the molecular formula C 30 H 18 O 11 (554.47) , while a base peak ion was observed at m/z 285 [M-269]on a negative mode ESI-MS experiment.
The 1 H NMR spectral data (Table 1 ) of 1 showed the presence of two aromatic proton spin systems similar to that of luteolin (2) 9 . The DEPT and HMQC experiments showed nine olefinic protonated carbon signals indicating the presence of three extra protonated olefinic carbons compared to 2. Three pairs of the twelve methine carbons were symmetrical and each pair showed proton signals integrating for two on the 1 H NMR experiment (Table 1) indicating that these carbons resonated on same chemical environment. The appearance of a high molecular mass (m/z 554) suggested existence of a flavonoid dimeric structure.
The 1 H and 13 C NMR spectral data (Table 1) , DEPT, HMQC and COSY experiments showed that the first pair of protonated carbons had its protons resonating at δ H 6.21 (2H, d, J = 2.0 Hz) assignable to H-8/8'' protons placed at C-8/8'' (δ C 99.1). The second pair was observed at δ H 6.44 (2H, d, J = 2.0 Hz) placed at H-6/6'' and was assignable to C-6/6'' (δ C 94.0) whereas the third pair of protons was observed at δ H 6.53 (2H, s). The first two pairs display a typical characteristic of an aromatic proton spin system of a C-7/C-5 di-substituted A-ring of a flavonoid molecule exhibiting a meta-coupled protons pattern 10 and it was therefore suggested that compound 1 consisted of two symmetrical A-rings each displaying a meta-coupled proton spin system. This substitution pattern on A-rings was established based on HMBC and COSY experiments. The third pair of protons at δ H 6.53 (2H, s, δ C 102.9 each) were assignable to H-3 and C-3 respectively of two luteolin 2 units 10 . This pair of protons at δ H 6.53 showed HMBC correlations with C-2/2'' (δ C 165.9), C-4/4'' (δ C 182.9) and C-10/10'' (δ C 104.3). The 1 H and 13 C NMR spectral data of 1, furthermore, showed presence of two sets of three unsymmetrical protons on B-rings in which each ring displayed an AMX proton spin system identified by signals at δ H 7.07 (1H, br s, H-2', δ C 109.03, C-2'), 6.78 (1H, d, J = 8.6 Hz, H-5', δ C 114.8, C-5'), and 7.42, (1H, dd, J = 7.3, 2.0 Hz, H-6', δ C 122.9, C-6') for the first set and at δ H 7.38 (1H, masked, H-2''', δ C 113.7, C-2'''), 6.90 (1H, d, J = 9.0 Hz, H-5''', δ C 115.8, C-5'''), and 7.38 (1 H, m, H-6''', δ C 119.3, C-6''') for the second set. These assignments were confirmed by HMBC, COSY and HMQC experiments. Further analysis of the 13 C NMR spectral data showed that for each set of B-rings (described above) the oxygenated carbons resonated at δ C 145.3 (C-3') and 150.5 (C-4') for the first B-ring and the second set of oxygenations were observed at δ C 149.9 (C-3''') and 150.6 (C-4''') on the second B-ring. The HMBC experiments confirmed these assignments. The UV spectrum of 1 did not show any change on band I after addition of HCl compared to that observed in AlCl 3 showing there were no complexes formed at the C-3'/C-4' and C-3'''/C-4''' positions suggesting absence of free ortho-dihydroxyl groups on B-rings compared to the UV spectrum of 2 11 . Furthermore, the unchanged UV spectrum on band I (cinnamoyl moiety) when NaOAc/H 3 BO 3 was added 9 confirmed this suggestion. Again, the observed bathochromic shift on bands II (benzenoid moiety) of 1 and 2 after addition of NaOAc indicated presence of free C-7/7'')-hydroxyl groups in 1 [and C-7 in luteolin (2)]. The IR absorption band observed at 3414 cm -1 represented OH stretch which because of lower wavenumbers are be due to chelated hydroxyl groups at C-5/5'' in 1. The UV and NMR experiments suggested that the two B-rings of 1 are involved in the interflavone linkage system. The observed ESI-MS fragment ion at m/z 285 [M-269] confirms fragmentation pattern at the ether linkage of 1 and thus a -C-O-C-linkage was established. In order to locate which carbons on rings B are involved in the linkage the number and positions of free hydroxyl groups were identified by methylation of 1 using diazomethane to yield compound 1a which showed presence of six methoxy groups at C-5, C-7, C-3', C-5'', C-7'', C-4'''. The symmetrical pairs of methoxy groups were observed at C-5/C-5'' and C-7/C-7'' carbon pairs on A-rings and these assignments were confirmed by HMBC experiment. In a NOE experiment (for 1a), when H-2' proton signal was irradiated only the methoxy group signal attached at carbon C-3' was enhanced while irradiation of H-5''' signal enhanced the methoxy group attached to carbon C-4'''. It was thus established and found that the interflavone -C-O-Cether linkage involved B-rings through C-4'-O-C-3''' connection. Compound 1 was thus identified as 5,7,3',5'',7'',4'''-hexahydroxy-(4'-O-3''')-biflavone or apigenin-3'-O-4'''-luteolin and there is no report, to the best of our knowledge, of this compound from the genus Vangueria or in nature.
Compound 3 was isolated from the chloroform fraction of the leaves as a colorless liquid. A positive ESI-MS pseudomolecular ion peak was recorded at m/z 97 [M + H] + corresponding to the molecular formula C 7 H 12. The available data (IR, 1 H NMR, 13 C NMR, HMQC and HMBC) enabled easy identification of compound 3 as methylcyclohex-1-ene. There is no report of this compound as a natural product but it has been reported as a synthetic compound 8 . The occurrence of compound 3 from the genus Vangueria and nature is reported here for the first time. Compound 3 is probably biosynthesized from a tetraketide which upon cyclisation and subsequent reduction gave the metabolite. The rest of the isolated compounds were all known however, this is the first report on occurrence of these compounds in the genus Vangueria. Structural identifications of these compounds were further confirmed by comparing with literature values.
The stable radical scavenging reagent, 2,2-diphenyl-1-picrylhydrazyl (DPPH) was employed 12 to evaluate the ability of the crude extracts and the isolated compounds in exhibiting radical scavenging activity by determining the EC 50 value. The EC 50 value defines the substrates' concentration that causes 50 % loss of DPPH absorbance at 517 nm on a UV-VIS spectrophotometer 13 . Compound 1 showed the highest antiradical scavenging activity [EC 50s of 11.0 µg/ml (19.9 µM) and 0.7 µg/ml (1.2 µM) after half and 24 hours, respectively] ( Table 2 ). The EC 50 values of all test compounds are as shown ( Table 2 ). Radical scavenging activity for the active compounds was found to be faster in the first three hours of reaction and only slight differences in EC 50 values were observed thereafter. This shows that the steady state conditions are attained after three hours. The structure-activity relationship studies have shown that among other factors, the more the hydroxyl groups in a molecule the higher the antioxidant activity of that molecule 14, 15 . Key: NT = Not tested
The antimicrobial activity of compounds was studied using the method by Rahalison et al. 16 . The exact procedure is as described by Chacha et al. 17 . Chloramphenicol and miconazole (Sigma) were employed as standard antibacterial and antifungal, respectively. (-)-Epicatechin and epiafzelechin were found active against E. coli at minimum loading of 50.0 and 100.0 µg, respectively. Quercetin and luteolin (2) were active at a loading of 5.0 µg and the biflavone 1 was only weakly active at this loading. The isoflavonoid, genistein was active at a minimum loading of 100.0 µg whereas daidzein was inactive against E. coli at this loading. The C-5 hydroxylation on genistein seemed to be important for this activity. Quercetin and luteolin (2) were active at a loading of 5.0 µg against B. subtilis while the former was active at loading of 0.1 µg against S. aureus. The biflavonoid 1 was less active (10.0 µg) against S. aureus compared to 2, one of its monomeric units. Quercetin and luteolin (2) were active at a loading of 0.1 µg against C. mycoderma whereas compound 1 was only active at a minimum loading of 5.0 µg. All compounds and crude extracts were less active against all microorganisms compared to the standards used (Table 3) . 19 . Sub-fractions 10/11 were combined and concentrated to give a mixture of two compounds (40.1 mg). Repeated gel filtration of this mixture yielded epiafzelechin (7.7 mg) 20 and dihydrokaempferol (10.1 mg) 21 . PTLC (CHCl 3 /MeOH, 85:15) of sub-fraction 12/16 (140 mg) gave 5 bands on development. Band one gave traces of dihydrokaempferol whereas band two showed traces of quercetin. Band three gave a pale yellow material (13.9 mg) identified as genistein and band four gave daidzein (9.3 mg) 22 . Band five gave trace amounts of a compound which could not be identified. 5,7,3',5'',7'',4'''-Hexahydroxy (4'-O-3''') Radical scavenging activity. The EC 50 values for crude stem bark (methanolic) and leaf (EtOAc) extracts, ascorbic acid (standard) and pure compounds were determined by adopting same procedure as described by Juma and Majinda 23 .
Antimicrobial activity. The method by Rahalison et al. 16 was followed and specific details are described by Chacha et al. 17 .
